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THE RELATION OF OVULATION AND M:mSI'RUATION
TO THE STERILE AND FERTILE PERIODS IN
THE HUMAN FEMALE SEXUAL CYCLE
Richard P. Fitzgerald

INTRODUCTION
In this thesis I am attempting to show that there is a
definite period for fertility and sterility in the human
female sexual cycle. Ttis work is taken from a review of
the relevant literature, the majority of the foreign articles
have necessarily been omitted but some are included through
translations of the original articles.
This work is not of an original nature and all of m;r
sources of information are included in the bibliography.
Believing that ovulation controls and causes menstrua
tion - that menstruation is an evidence that the ovaries
are functioning, it is inferred that, because menstruation
occurs in the normal typical case every twenty-eight days,
therefore, ovulation occurs with the same regular periodicity.
The exact time in the menstrual cycle at which the ovum is
discharged has been the subject of much theorizing and it is
this fact that I wish to deal with in particular and try and
show that there is a definite period in the sexual cycle for
ovulation and that this is related to regular periods ot
fertility and sterility in the cycle.
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Ovulation in its fullest meaning includes both the growth
and the expulsion of the untertilized ovum.
designate only the expulsion of the

O'VUlll

I have chosen to

from the ovary as

ovulation.

In order to make this work complete I have included the
embryology of the ovary and ova, the inter-relationship ot the
hormones controlling this phenomena of menstruation and ovulation and the duration of viability of the ova and spermatozoa.
I think it will be of interest to review our modern concept of the formation of the ovary

and

ova before going into

the subject as the earlier writers saw it.
l!JIBRYOLOGY OF OVARI AND OVA

In origin and early. development, the ovary and testis are
identical. The

~ogenital

tolti is the anlage of both the

mesonephros and the genital gland.

At first two-layered, its

epithelium in embryos of 5 mm. thickens over the ventromedian surface.at the fold, becomes many-1.qered, and bulges
into the coelom ventrall,y to produce the longitudinal genital
f'old. The genital fold thus lies mesial and parallel to the
mesonephric fold.

Large primordial germ cells are found in

the entoderm of tb.e f"uture intestinal tract; at 5.5 mm.,
these migrate into the dorsal mesenteric epithelium and thence
into the epithelium of the genital fold.

It is

und~cided

whether or not the definitive germ cells or the genical
glands are descendants of such elements. At 10 to 12 mm.,
the genital anlage shows no distinctive eexual differentia-

tion; there is a superf'icial epithelial layer and an inner
epithelial mass of somewhat open structure.
The cranial positions or the urogenital folds are pushed
laterally bJ'.the development of the suprarenal glands and
nie.t;ane:Phroi thus producing a double bend in each fold, which
in 20 mm. embryos, shows a cranial longitudinal portion, a

transverse middle portion between the bends, and a longitudinal.
caudal portion.

In the last named segment, the-mesonephric

ducts course to the urogenital sinus, and here the right and
left folds fuse, producing the genital cord. As the genital
glands increase in size they become constricted from the mesonephric fold by lateral and mesial grooves until the originally broad base of the genital told is converted into a
stalk. This mesenterial attachment extends lengthwise and
forms in the male the mesorchium, in the f'emale the mesovarium.

('1)

Both sexes also develop a pair of female ducts.

In

embryos or 10 mm., these Mulleriam ducts arise as thickened
ventro-lateral grooves in the urogenital epithelium, near the
cranial ends of the mesonephroi.

Caudally, the dorsal and

ventral lips of' the groove close and torm a tube which
separates from the epith.ellwn and lies beneath it.

Crani-

ally, the tube remains open as the funnel-shaped ostium

abdominale ot the 14ul.lerian duct.

The solid end of the

tube grows caudalward, beneath the epithelium and lateral
to the mesonephric, or male ducts.

Eventua.l.ly, by way of'

the genital cord, the Mul.lerian ducts reach the median
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dorsal wall of the urogenital sinus and open into it.
Embryos not longer than 12 mm. are thus characterized by
the possession of indif'f'erent genital glands and both male
and female genital ducts. There is as yet no sexual dif'terentiation.

(7)

From this point the male and female organs begin to
differentiate and as I am not immediately concerned with the
development of the male genital tract I shall only take up the
formation of the female organs.
The primitive ovary, like the testis, consists of an
inner epithelial mass, bounded by the parent peritoneal epithelium.

In fetu«Jes or ten to eleven weeks, the inner

epithelial mass, composed of indifterent cells and primardial
germ cells, becomes less dense centrally and bulges into the
mesovarium.

Th~re

may be distinguished a dense, outer cortex

beneath the epithelium, a clearer medullary zone containing
large germ cells, and a dense, cellular anlage in the mesovariwn, the primitive rete ovarii.

Neither epithelial cords

nor tunica albuginea are developed at this stage.
Later three important changes take place:

(1) There is

an ingrowth of connective iissue and blood vessels from the
hilus, resulting in the formation or mediastinum and septula.
(2) Most of the cells derived f'rom the inner epithelial

111888

are transformed into young ova, the process extending from
the rete ovarii peripherally.

(3) In fetuses of three to

five months, the ovary grows rapidly, owing to the formation

ot a new peripheral zone of cells, derived perhaps in part

,
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from the peritoneal epithelium.

At the end of this period the

septula line the epithelium with a fibrous sheath, the anlage
of the tunica albuginea. Hereafter, such folds of epithelium
as form do not penetrate beyond the tunica albuginea, and all
cells derived from this source subsequently degenerate.

This

new peripheral zone is always a single cellular mass, never
growing in from the epithelium.

Generally, it has been

believed that the primary follicles are derived from the subdivision or such cords.
Coincident with the origin of a new zone of cells at the
periphery of the ovary, goes the degeneration of young ova
in the medulla.

Invading connective tissue separates these

germ cells into clusters, or cords, which degenerate and
leave only a stroma of f'ibrous tissue in the medulla.

Late

in fetal lite, indifferent cells, by surrounding the young
ova of the cortex produce primordial follicles.

(7)

Oogenesis - The ova arise from the multiplication or
primordial germ cells in the ovary.
after, human ova cease forming.

At birth, or shortly"

The number at this time

in both ovaries has been placed between 100,000 and

aoo,ooo.

Qellular degeneration reduces this supply until, at 18 years,
the total is from 35,000 to 70,000 and several years after
the menapause no more are to be found.
Late in fetal life, indifferent cells, by surrounding
the young ova (oogonia) of the cortex, produce primordial
follicles.

Some begin growth at once, others are quiescent

until childhood or adult life is attained.

During the slow
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growth period, the small, nutritive follicle cells increase
in number andthe oogonium gains greatly in size.

When the

follicle cells are several layers deep, a cavity appears
between them.

This enlarges, and there results a sac, the

Yesicular,. or Graaf'ian follicle, filled with fluid, the
liquor tollicull.

As growth continues, the oogonium be-

comes located more and more eccentrically until it lies at
one side of the follicle, buried in a mound of follicular
cells termed the cumulus oophorus (egg-bearing hillock).
At the end of the growth period, the follicle has
enlarged f"rom a structure 0.04 to 0.06 mm. in diameter to
one 5 to 12 mm.; similarly, the primordial ovum measured
0.04 to 0.05 mm. whereas it now has a diameter of about
0.2 mm.

The grown oogonium is designated a primary

oocyte. The final stages of oogenesis are maturative.
Two cell divisions take place, the cytoplasm is divided
unequally, and there are formed one large ripe ovum or
ootid, and three rudimentary or abortive ova, known as
polar bodies, or polocytes. The number or chromosomes is
reduced so that the ripe ovum and each polar cell contain
one-half the number of chromosomes found in the oogonium
or primary oocyte.
During maturation the ovum and first polocyte are
termed secondary oocytes; the mature ovum (ootid) and
second polocyte, with the daughter cells of the first
polocyte are the third stage or the process. Only one
or the tour daughter cells of the primary oocyte becomes
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functional.

The

0"1llll

develops at the expense of the three

polocytes which are abortive and degenerate eventually. The
nucleus of the ovum after maturation is known as the female •
pronocleus.

(7)

Maturation is now complete and the ..cmum is ready to be
extruded from the f olllcle.

Oogonium

Prolif'eration
period

Oocyte 1

Growth
period

Oocyte 2 (ovum
and polocyte 1)
Ovum

and

laturation
period

three polocytes
DIAGRAll OF MATURATION IN OOGENFSIS (BOVERI)

From DEVELOPMENT.AL ANATOMY, Page 19
By L. B. Arey (7)

"
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OVULATION AND MENSTRUATION
I believe it is necessary now to turn back and show what
the earlier theories were concerning ovulation and menstruation and bring them up to our modern conception.
The ovulation theory or menstruation implies the following essential propositions:
1 • .At regular periods, of _about twenty-eight days, in

the hwnan female, a mature ovule is discharged from the ovary,
passes into the Fallopian tube, and is transmitted to the
uterus.
2. Coincident with, and dependent upon the maturing and
bursting .or the Graafian vesicle and the extrusion of the ·
ovule, certain changes occur in the mucous membran~ of the
body of the uterus, which results in a sanguineous discharge
fron1 that organ. ( 52)
In support of these propositions A. R. Jackson (1876)

gives evidence consisting of certain facts and analogies
which has been adduced as follows:

(a) Observations made

on the bodies of women who have died during or soon after
menstrual period, have revealed the presence in one or
other ovary of a ruptured Graafian vesicle, and its cavity
filled with a blood-coagulwn, or, its remains, a corpus

luteum, in various stages of development or decadence;
(b) Physiologically, the period of menstruation in women
corresponds to the rut or oestrum of other mammalia, when
it is well known, ova are discharged from the ovaria.;
(c) The artificial removal of the ovaries causes an immediate
cessation of the menstrual fllllction.

The Graafian vesicles

from the time of their description in 1673 by De Graaf,

..
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down to the year 1827, were thought to be the actual ova of
mammalia.

It was not until the last named period that Baer

discovered the true ovule and the relations it bore to its
containing vesicle.

(52)

In 1672 Kerkringius advanced the idea that ova, at that

time supposed to be identical with the follicles of De Graaf,
were thrown off at the time of menstruation.

The first writer

who gives positive evidence upon the subject is Sir Everard
Home who noticed the ruptured follicle during menstruation,
although its importance was not then understood.

In 1821

Dr. Power clearly enunciated the doctrine of periodical ripening of the follicle at themenstrual period and six years later
Baer, as stated above, discovered the relation of the ovule
to the follicle.

In 1851, Negrier showed by anatomical pre-

parations that the periodical discharge of menstruation was
the consequence of an internal hidden function - ovulation.
Also the same year Dr. Robert Lee made his first dissections
and found openings in ovaries through which he supposedova had
escaped at the time of menstruation.

Dr. Power had, ten years

previously, published his hypothesis respecting the periodical
escape of the ovule, at the catamenial periods. (75)
other proofs were brought forward by Pouchet, Negrier,
Martin, Barry, Gendrin, Raciborski, Coste, Bischoff, and
others, all tending to show that ovulation and menstruation
are simultaneous and necessarily cormected with one another;
•and the doctrine was so beautiful and reasonable, and
seemed so well sustained by the evidence adduced, that we
cannot wonder at the fact that it was generally received

r
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and adapted by peysiologists'-.

(73)

Sir William O. Priestly, M. D. wrote in 1872 that "From
time to time I have met with cases of a more obscure kind
where the chief suffering is remote from the actual menstrual
period - coming on, nevertheless, with almost the same regularity as the catamenial discharge, and depending, as I
believe, on organic changes associated with derangement of
the menstrual function". (59)

He gives account of four cases.

One had this pain which invariably came on ten days before
the regular monthly period; another had a violent pain which
came on habitually about fourteen days before her menstrual
period; a third patient complained of a pain which came on
about a "fortnight" before each menstrual period; and a
fourth case complained of sever pain in the left ovarian
region, which came on every month, and invariably midway in
the interval of the menstrual periods.
His summary of these cases is, "In the la.ck of more

accurate in forroation, it is not unreasonable to suppose
that the preparation for an approaching period may
commence in the ovary as early as ten or fourteen days before the period become due.

The effect of the stimulus of

the preceding ovulation having passed by, and a short
interval of quietude having followed, new ovules in their
turn take up the cha.in of development and in the fresh
impetus to growth initiate a recurrence of vascular excitement."

(59)

"
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nr.

Jackson in reviewing 13 cases of Bischort•s, which

at that time were regarded with special favor and as

or

great

value by the advocates ot the ovular theory, points out that
in the cases ovulation or rupture or the follicle there is

no direct connection with the menses because in two or the
cases menstruatlon bad occured without ovulation, in several
others menstruation had passed a varying number or days and
freshly ruptured follicles were found in all, and in one aase
tour weeks af'ter menstruation a ruptured follicle was found.
He also states that when we consider that the menstrual
periods occupy from one-sixth to one-fourth of a woman's
life time for thirty years, we may equally expect to find
such ovarian changes at these periods.
He also states that menstruation may occur without
accompanying ovulation and states cases in which menstruation
has been regular in women who have had cystic ovaries in
which the o.v.ar,ie.n tissue was hardly discernable, in cases
where women had died during the menstrual period and there
were no signs or the ruptured follicles on the ovary; "In
one of these cases the woman l:lld menstruated regularly for
several years, and yet the ovaria were perfectly smooth;
there was neither rent nor cicatrix marking the site or
either a present

o~

former maturation and escape of a

Graatian vesicle", (S2) and

ma~

other cases in which

menstruation had occured without evidence or a ruptured
Graaf'ian follicle.

II'
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A.gain Dr. Jackson states that ovu1ation may occur without
accompanying menstruation.

He bases his statement on the tacts

that Graatian follicles may be found in infants and young
girls in which menstruation has never occured and also in
women who have passed their climacteric period ten to twenty
years.

He supposes that the ovule takes from eight to ten

days in its passage from the ovary to the uterus and that
the ova and spermatozoa retain their vitality in the generative passages a considerable long time, "indefinitely" is
the word he applies to the spermatozoa.

Jennie G. Drennan, II. D. (1902) in her account of
three cl:hlica.1 cases observes that in the normal female
there is an intermenstrual pain with signs of congestion
which occurs in or about the twelfth day after the cessation

o£ the last menstrual period. These symptoms·mq be very
slight or again increased and may be seen in the pelvic
organs, breasts, or both.

She concludes that these

symptoms are coincident with ovulation and therefore
ovulation is intermenstrual occuring about twelve days after
the cessation of the menstrual period.
In 1903

Dr. Drennan published a paper

in which she gives

her own conception of intermenstrual pain and the cause.
She states that ovulation takes place about 7 days before
menstruation; then 12-14 days after menstruation the ovum
escapes from the uterus and in 7-9 days there is another
ovulation.

She also otters another theory, namely, that

ovulation occurs at the time of the intermenstrual pain.
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The fact that this pain occurs between 7-15 days after the
cessation of menstruation would favor the idea of its connection
with ovulation.
In an article by James Rowe (1906) he states, "The fact

is never to be lost sight of that it is not the extrusion
of the ovum, but the fertilization of the ovum which precedes

the missing of the period, and fertilization may not occur
immediately, but an appreciable time after ovulation". (64)
In the light of the above statement it is scarcely

possible to cling to the belief that ovulation and menstrua-·
tion are contemporaneous or that ovulation occurs during
the first few days immediately preceding or immediately
following the period.

The three or four days following men-

struation are days when the sexual apparatus is, so to speak,
reduced to its lowest ebb, by reason of the local loss of
blood.

The uterine mucosa is repairing the damage to its

epithelial lining.

This is certainly not the time one should

rationally look of ovulation. Reichert and His think that
the ovum is expelled two days before menstruation. (6)
With reference to the last portion of the intermenstrual
period, known as the stage of hypertrophy, it is generally
conceded that the ovum is fertilized by the spermatozoon in
the outer end of the Fallopian tube, therefore, ovulation
precedes fertilization.

Now fertilization is the cause of the

absence of the period following and therefore, precedes it.
OV\li.ation precedes fertilization, and fertilization precedes
the expected menstruation, therefore, ovulation precedes the
date of expected menstruation by a longer period of time
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than does fertilization•. {64)
"If we consider the nature of menstruation we cannot
fail to observe that it is a retrograde process - a casting
of'f' of something which is useless.

Ovulation would not

directly cause such a process, for ovulation must be rationally regarded as a stimulus to new and extraordinary vitality.
Ovulation would directly cause a building up and not a breaking down.

And so, in conclusion, James

w.

Rowe advanced the

hypothesis that "ovulation occurs normally at the close or
the period o£.quiescence, and initiates and indeed
directly causes the period of' hypertrophy".

(64)

"Menstruation, on the other hand, is the result of the
exhau~tion

and disappearance of the stimulus.

It the ovum

dies then all the preparations made for its reception are
useless and must be disposed or.

Menstruation, therefore, is

an almost infallible proof that the last ovum discharged
trom the ovary is dead.

It ,oll: the contrary, the ovum does

not die, the stimulus begun

wi~h

ovulation goes on and the

time for menstruation passes without event.

If the expected

menstruation does not occur, then the ovum last expelled
from the ovary is still alive.

And i f the la.st expelled

ovum is alive at the time of tb9 next expected but suppressed period, then the ovum is

~ertilized,

for otherwise

menstruation would have occured." ,64)
Leavitt (1906) reports a caseot a young girl 20 years
old·: who had amenorrhea for 18

mon~s.

Upon operation the

oYaries were found to be encased either by

inflammatc>~
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products or by rdlections of the broad ligaments, or possibly
by both.

The organs were imbedded and shut off from the

peritoneal cavity and in this way must have been unable to
ovulate.

After freeing these masses from the Qvary the month

following the operation the menses returned and continued
regular1y.
The time of ovulation in the human being has been studied
by six dif'ferent methods, name1y:

(a)

Th~croscopic
I

observation of the ovary in situ.

(b).The microscopic examination of removed ovaries and
uterine curettings.
(c) The determination of the age of early embryos,
taken together with the probable time of conception.
(d) The maximum probability for ovulation.
(e) The recovery of human ova from the uterine tubes.

(t) The reversal in the reaction of the uterine muscle
topituitrin.
8

Two clinical signs of ovulation in the human being

have been recognized by e.rnecologists, name1y, the intermenstrual pain or "Mittelschmerz" and intermenstl"Ual spotting.
The former is probably due to the greatest distention of the
follicle juat preceding rupture.

It is not common.

It may

be perfect1y regular, occurring on one side one month, and
on the opposite side the next.

Or only one side may be

involved, distention of the ovary on the opposite side
causing no pain.

Some abnormality in innervation of the

ovary is probably responsible for the phenomenons reaching
consciousnesa.

r
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"Intermenstrual spotting occurs quite inf'requentl.T.

It

may last from one hour to forty-eight hours, and the bleeding
may be very slight or moderate.
"Another indication or the time of ovulation is the
sudden appearance

or

the tollicle stimulating hormone (prolan

A) in the urine or normal nonpregnant women.
•Method -

Morning specimens or urine were collected

daily in each case.

The number of such specimens varied

with each patient, so that in some the dail1" excretion of
hormone was studied for about two •eeks, while in one case
daily specimens were collected for more than seven months.
The technic used for the determination or the follicle
stimulating hormone (prolan A) was the one described by Zondek

(1931).• (41)
Fraenkel, or Breslaw, was the first to observe the aspect

or

the ovary during laparotomies performed tor various reasons

and he found that, on the average, on the nineteenth day
atter onset

or

the last

men~ation

there was found a large

corpus luteum, of intense red color, bleeding easily.
ing the time

nec~ssary

N~glect

for its development, he concluded the

ovulation must occur on the eighteenth or nil'leteenth day
after the onset of menstruation.

A similar way with similar

results was followed by two Frenchmen, !ncel and Villemin, who
declared the sixteenth day was the usual day of ovulation.
The special merit or Fraenkel's studies was, first, that
he had found a •8.7 or accumulating data f'rom a great number
or actual observations, and secondly, that he reckoned from
the beginning or menstruation instead

or

from its end, the
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latter date being far more uncertain and variable than the
first; the onset ot menstruation suddenly interrupts the
uterine changes that prepare for gestation, but restitution

ot the destroyed mucosa does not
number or

d~s,

alw~s

require the same

being continued gradually and without exact

lim1tation into the resting state of the D111cosa or the interval.

(24)

Bobert Meyer, ot Berlin, and his pupils worked on
anatomic material secured at gynecologic operations, and
tound that ovulation occurs in the first half or in the
middle of the menstrual cycle. Meyer considers an average ot
the ninth day, after onset of menstruation, to be the rule

tor healtey ;young women, while Schroeder claims it to be
the fourteenth to the sixteenth

d~.

(24)

A third method consists in an attempt to determine the
beginning or development by considering the young embryos or
known age, as recorded in the literature. However Grosser
in his work says that development may begin at any time of

the cycle and that in the majority of the cases development
begins about the middle ot the cycle.
The fourth

~

to determine the date of ovulation con-

sists 1n finding the time or natural optimal fertility or
the average conception da7.

All statistics show a very

marked optimum at about the eighth day after onset of menstruation.

But there is no day when fertilization could not

occur, perhaps with sole exception or the first day of
menstruation.

(24)
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Robert Meyer has shown that the changes in the epithelium
of the follicle, leading finally to the formation of the corpus
luteum have already begun before rupture of the follicle,
and are to a certain though not yet sufficiently determined

degree, independent of rupture; therefore ultimately the ovum
it-self determines the whole sexual cycle and the date or
rupture of the tollicale has not the same importance for the
cycle as it would have if the development of the corpus
luteum. could begin only with the moment of rupture. (24)
Ovulation has previously been generally considered as
spontaneous and there is no doubt that as a rule ovulation
occurs between two menstruations, independent of sexual
intercourse.

But in addition to this, some gynecologists and

anatomists admit that ovulation may be induced by copulation
calling it then violent or provoked ovulation.
proofs of this view are wanting.

Incontestable

(24)

Grosser believes that neither the ovule nor the spermatazoon can survive long.

In spite of this, conception can

take place at any time with the probably exception of the
first day of the menses.

He believes that the spontaneous

ovulation occurs in the middle of the menstruation interval.
At. times the follicle may not burst but the ovule may still
be fertilized.
Very

The follicle may also break during coitus. (25)

l~ttle

is known about the human ovum from just

before the time of ovulation until the embryo has implanted
in the uterus.
"In the present work we have correlated the menstrual
history in women with careful gross and microscopic

--------,
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observations of the corpus luteum and have attempted the recovery
of the corresponding ovum from the fallopian tube." (1)

The

main part of the work consisted of operating upon patients on
different days of the menstrual cycle and, in cases where the
ovum had been extruded,irrigating the fallopian tubes.

Then

the mist recent corpus luteum was removed for hlstologic
study and for quantative analysis or hormone content by
injections or implants into ovariectomized rats.

In those

cases in which it was not necessary to remove the tallopian
tube~,

they were irrigated with normal sall.ne solution by a

special technique of clamping the lower segment of the uterus
with special uterine forceps, the tips of which were covereci
with rubber tubing so as· not to injure the uterus, injecting
about 20 cc. of the solution into the uterine cavity through
the wall or the fundus with a syringe and small caliber needle
while the assistant with thumb and forefinger compressed the
opposite tube
at the uterine end as the other tube was
.
. being
irrigated. The washings were collected in several small
watch glasses and caref'ully searched tor ow..

In cases where

the tubes were removed they_were irrigated separately from
ei_ther the uterine or fimbriated end.

Where possible, ova

·were fixed, embedded in parattin and sectioned for cytologic
study.

This is necessary for detjnJte identitication of tubal

ova for sometimes masses of cells are f'ound which greatly
resemble the ova.

(1)

llore than 90 operations were pertormed at ,nrious stages

ot the menstrual cycle, tae greatest number were performed

r
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between the twelfth and sixteenth day of the cycle, dating
from the first day of the previous menses. From these operations nine specimens were recovered from the fallopian tubes;
five were definite]J identiried after sectioning as tubal
ova; one proved to be a •cell ball" and the other three were
thought to be degenerating o"8.. (1)
Corpora lutea showing fairly recent rupture points
occurred in more than 50 cases.

There were at least 16

cases which might have had an ovum in the corresponding tube,
only

five specimens could be identified with certainty or

being ova.

or

the five specimens definitely identified as tubal

ova, the first was recovered on the fifteenth day and a
recent corpus lateum was resected from the right ovary.
The second and third ova were twins recovered on the fifteenth day ovum in each tube.

Each ovary contained a corpus

luteum with recent rupture point.

The ova were similar.

The fourth ovum was recovered on the sixteenth day, the
most recent corpus luteum was obtained in this case.

The

fifth ovum was recovered on the fourteenth day from the
right tube and the right ovary had a corpus luteum present.

or

the other specimens which were not'identiried with

certainty as o"8., one was recovered on the f'U'teenth day
and

two on the slxt.eenth day.

A

recent corpus luteum was

round in each case.(l)

Newel, Allen, and associates concluded from these
tacts that ovulation takes place on, or one or two days
before the fourteenth(morning of the fifteenth) day
following the onset of the previous menses.

However,
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they feel that intercourse might induce ovulation at other
times in the cycle.

They also conclude that the ovum will be

completely degenerated arter the twenty-first day and incapable of being fertilized.

They believe that fertilization

probably takes place between the twelfth and fourteenth day.
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1. Frequency of conception from isolated cases.
2. Rhythm of sex desire.
By O. L. Tinklepaugh (77)
Hofstatter believes that outside of the regular spontaneous ovulation, a provoked ovulation may also occur in women.
He believes that it is even possible that a spontaneous
ovulation occurs only when the ripening follicle did
not burst because of lack or sufficiently strong irritants - usually of sexual nature.

Be does not believe that

the corpus luteum produces or inhibits menstruation, several
follicles may burst during one menstrual cycle.
Kurzrok gives two cases of Jewish women who were
deeply religious and followed the old Talmudic Law, which states
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that after all signs or menstruation have disappeared the individual must wait full seven days before coitus can be attempted.
Should the patient spot at any time during the month she must
again wait seven days before attempting coitus.

However these

women misinterpreted this law and did not have coitus until
two weeks after the menstrual. flow was over.

Both or these

women had been sterile for 2 1/2 and 2 years respectively.
Case I- was a normal, healthy, young woman with a regular
cycle of 24 days.

During the period, between the tenth and

fourteenth. days from the onset or the menstrual flow, at each
menstrual cycle, the patient experienced a pain low in the
pelvis which lasted about twelve hours.

The pain was either

on one side of the pelvis or the other and frequently alternated with each cycle.

Her first intercourse in eve-ry cycle

occurred about eighteen days after menstruation or six days
before onset of the next menstruation.

She was advised.to

begin intercourse one week after the onset of her flow.

She

did this following her next period and had no subsequent
period and was diagnosed pregnant.
Case II, a young, normal, healthy woman with a menstrual
cycle, regular every 26 days.

Her first coitus of each

cycle occurred about 18 days after the onset of the flow
or about eight days before the beginning of the next period.
She had been sterile for 2 years.

She was advised to have

intercourse one week after the onset or the flow.
she did and two months later became pregnant.

This

,.
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The recurrent inter"'menstrual pain which the first patient
complained of was most likely due to ovulation which would
place it at the tenth to .fourteenth day after onset.
In Case II the patient becoming pregnant by having intercourse after the first week of her cycle which coincides with
Fraenkei•s theory and place her ovulation time for a 26 day
cycle at about the twelfth day. (40)
Among the wives

or

German "Soldiers who, early in the

war, were only at home from two to eight days, many hundred
ovservations were made, which showed that the last six or
seven days or the intermenstrual interval were practically
sterile.

Siegel's 320 cases showed a fertilization curve

reaching its highest point on the sixth day after the beginning or the period, remaining at nearly the same height

until the tweltth or thirteenth day, then sloping evenly
to the twenty-first day, with no conceptions from the twentysecond to the twenty-eighth day.

As the result of laparotomy

inspections R. Meyer and Carl Ruge II, examining 106 specimens, placed ovulation in the first week or the intermenstrual
interval; but Ruge later made it between the eighth and
fourteenth day after the beginning o.f the .flow.
~rom

Schroeder,

observations in 100 operations, placed rupture between

the fourteenth and sixteenth day after onset
German

Army

or

the period.(18)

husbands were granted furloughs twenty days

atter the beginning or their wU"e•s period, or eight to ten
days before the next period was due.

Only one pregnancy
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resulted after 400 such turloughs.

Showing that the 8-10 da7s

prior to the menses is almost 100% sterile in this series. (15)
In castration by" I-r&T, Seitz and Wintz declare that i t
dDne before the fourteenth day, no further period appeared
in 95 percent of the cases, whereas·if done after this day the
next period occurred in 96 percent._ Thus proving that ovulation occurred on or before the fourteenth day, at least in
these cases. (16)
Hansen found in 248 cases of known single coitus, that
86 percent ran in the neighborhood

or

the fourteenth dfq. (16)

Zangemeister says that ovulation occurs mostly between
the fourteenth and sixteenth dq.
upon a collection of early embryos.

His studies were based
(16)

IC. I. Sanes in his stmies of S906 patients states that
75% of women menstruate regularly.

The most common regular

type met with was that of 28 days, which constituted 72%
of this type.

The SO-dfq type tollowed next in frequency

with only S.8% and the 21-dq type with 5.3%.

Paul H. Schumacher in his discussion ot periodic sterility
in the woman quotes the statement or Ogino and Knaus that
conception is not possible during the ten days prior to menstruation, and then gives the detailed histories of three instances of conceptions which had occurred during this period.
One woman conceived following an isolated coitus three dqs
before the expected menses; another woman conceived two
days, and a third one, one dq prior to the expecte4 onset

r
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ot the period.

Conception at this time, according to the

author, could be due either to the prolonged survival of the
ovum or of the spermatozoa, or else to an induced ovulation
at the time of coitus. He discards the first two hypotQeeas
and tends to the point of view that an additional ovulation

may be provoked by the act of coitus, especially i f the
latter is accompanied by considerable sexual and emotional
excitement. His conclusion is that"there is no absolute
sterility in the premenstrual period, only a lessened fertility."
Extraordinary, premature or forced ovulation is mentioned
by some authors.

Latz sa.y-s, that his practical experience

indicates very strongly that there is no extraordinary ovulation in human beings.

"To my knowledge, there has not as yet

been reported in the medical literature one case of extraordinary ovulation provoked by coitus.

It this were not

true, how could one explain the fact that many virgins who
menstruate regularly from five to ten years before their
marriage experience no appreciable change in the regularity
of their cycles af'ter the wedding?

In the first few weeks or

the honeymoon there is certainly enough emotional and nervous stimulus present to bring about·an extraordinary ovulation if this were possible".

(45)

A. Ruhl sa.y-s that ovulation and corpus luteum formation
takes place first in one ovary and then the other alternately
every eight weeks for the same ovary.

In case of the re-

moval of one ovary the remaining ovary becomes hypertrophied
for compensation and ovulates every fourth week.

r
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Papanicolaou has made a study of the sexual cycle in the
human female as revealed by 'VB.ginal smears. Hls method was to
study smears taken at intervals and whenever possible, in
twelve special cases, eveey dq for a period or two or three
months.

These smears were studied as to the type or cells

present and correlated with the time or the menstrual cycle.
Smears were taken from normal women, pregnancies, abortions,
threatened abortions, ectopic pregnancies, various infections
or inflammatory processes of the genital tract, cystic o'VB.ries,
pus tubes, and various benign and malignant tumors or the
ovaries, uterus, cervix, vagina, and mammary glands.

Also

several cases or sterility were observed.
This work had previously been done on animals and
Papanicolaou correlated this with the human.
•The female sex cycle was divided into four phases and
one stage:

(a) the menstrual phase (first to seventh day);

(b) the capulative phase (eighth to twelrth day); (c) the
ovalative stage (twelfth
- to. thirteenth day in the most
typical cases); (d) the proliferative phase (thirteenth to
seventeenth day), and (e) the preaenstraal phase (seventeenth
day up to next menstruation) .. This classification was based.
on comparative considerations permitting its application to
man as well as to other 11&11118,l&.
"The condition or the ovaries in relation to the various
'VB.ginal smear stages has been studied in seventeen cases
operated upon by Dr. George Gray Ward.

Vaginal smears were

taken daily for several days betore operation. The study
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and anaJ.Tsis ot all these cases otters evidence in tavor ot

the view that ovulation normal'.q occurs near the twelfth or
thirteenth day.•

(57)

Also in the normal cases, in which the onset or ovulation
has been lvidenced by corresponding changes in the vaginal
smears, the most frequent time or ovulation.was tound to be
between the tweltth and the thirteenth d83'•

(57)

Various methods have been recommended tor the determination or ovulation in human beings. Knaus round a new biological reaction ot the uterus of pregnant rabbits.

he be-

lieves that this reaction allows determination of the period

ot ovulation in health7 women with regular menstruation. The
muscles or the uterus of all mammals and of ·human beings respond to the extract or the posterior lobe ot the pituitarT

gland with an increase or the tonus and the frequency or
movements. This obserT&tion applies to the nonpregnant
uterus. On the other hand the uterus ot a rabbit is retractor,.
to pituitrin when corpus luteum is present.

As

soon as the

function of the corpus luteum. subsides, the reaction to the
.

pituitary extract reappears.

It was found that this ettect

caused by the hormones or the corpus luteum is noticeable
as soon as 24 hours atter ovulation. This obseM"&tion shows
that the functional behavior ot the uterine muscles permits
one to determine the presence of the corpus luteum, in other
words the period of ovulation.

The question arose whether

such observations could be made also in human beings. A
method had to be devised which permits one to reproduce the

r
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spontaneous contraction activity or the human uterus in situ

or

in form

curves.

A special apparatus was constructed by the

author.

A glass tube similar to the one used tor uterosalpingo-

graJ>b7

is connected with a mercury manometer by means or a rubber

.

'

tubing and a glass tube. The manometer transters the variations or the pressure upon the paper of k;ymographion in form

ot curves. The pressure in the ttl.be system can be changed by
means or a bottle containing water.

The -desired amount of

water can be let out of the system by means of a faucet and
thus the pressure in the tubular system can be lowered. The
patient is placed on an uamJning table and a tube introduced
into the cervix, similar to the procedure or uterosalpingograpq. Mucus accumulated in the cervix should be aspirated
with a syringe before introduction

or

the tube.

The cavum

uteri is f'illed with an oil such as iodipin until the patient
notices a

pressur~

sesnation in the uterus. The average

amount of' oil is 4 to 6 cc.; as soon as this sensation is
noticed, the faucet attached to the tube is closed, the syringe
detached, and the corresponding taucets opened in order to establish a direct communication between the uterine cavity and
the mercury manometer.

A slow 1D0vement or the kylnographion

is produced; the variations or pressure caused by contractions or the uterus are reproduced in form ot curves.

It is

not necessar,y to produce a very high internal pressure in the
uterine cavity in order to induce the organ to display
spontaneous contraction function.

It was found that in

r
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absence ot 8111" pressure the human uterus may show spontaneous
contractions.

The low pressure produced with this method in

the uterine cavity diminishes the danger of iodipin entering
the tubes.

Thirty-six studies were made.

Knaus succeeded in registering the spontaneous movement
or the human uterus in situ.

He selected women with menstrua-

tion recurring at regular intervals ot tour weeks and the
ability of the uterus to react to the extract of the posterior
lobe of pituitary gland was studied systemically during the
entire course or the menstrual cycle. 0.25 cc. of pituitary
or only 0.1 cc. ot the substance was injected intravenously.
On the second day or the menstrual cycle an approximateq
regular rhythmic contraction activity of the human uterus was
observed.

The uterus gave a strongly positive reaction to

pituitrin. These physiological conditions prevailed after the
menstruation stopped; tor instance rhythmical movements of
the uterus and the

characterist~c

reaction to the pituita17

extract were observed on the eighth day or the cycle. The
reaction always appears forty to fifty seconds after the intravenous injection. On the fourteenth day similar conditions were observed. A peculiar change is noticed on the
sixteenth day or the menstrual cycle.

It is possible to in-

troduce a larger amount or oil, approximately 8 to 10 cc.
without any noticeable resistance. The ability or spontaneous
contractions disappears on this day. At the same time the
uterus shows abnormal reaction to the pituitary extract.
In one case a just noticeable reaction to pituitrin was re-

corded while in another case no reaction could be round.

so

This condition ot relaxation or the uterus persists tor the
f'ollowing days.

It could not be determined exactly on which

...

day or the cycle these symptoms are substituted by normal
conditions.

It is certain that the uterus is still relaxed

three days bef'ore the onset or menstruation; no reaction to
the pituitary extract can be observed at this time.

Twenty-

tour hours before the menstruation, i.e. on the twenty-ninth
day of the menstrual cycle, a functional condition resembling

the one during the first rourteen days of the cycle was
observed.

The typical influence ot the corpus luteum upon

the human uterus is thus demonstrated.

This influence is

manifest during the period or the sixteenth to the eighteenth
day of the twenty-eighth day cycle.

In other words during this

period the corpus luteum is developed to such an extent that
its hormones are able to display their action on the uterus.
The hormones of' the corpus luteum eliminate the ef'teot ot the
secretion or the

pi~uitary

gland; this phenomenon explains

the relaxation and rest period or the uterus during this time.
The fact that the absence of irritability of the uterine
muscles the day bef'ore the onset or the menstruation is no more
demonstrable proves the absence of the function or the corpus luteum at that time.

The destruction or the corpus

luteum is followed by reappearance of the normal function of'
th+terine muscle. This observation confirms the view according to

which the corpus luteum shows histological signs or

degeneration in the fourth week ot the menstrual cycle.

The

determination of the ovulation may be made on the basis or
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such ovservations. Functional changes of the uterine muscle

ot a rabbit are demonstrable twenty-four hours atter ovulation.

It may be ass!V{led.that the same changes take place in human
beings also as soon as twenty-tour hours but certainly not

In other words

later than forty-eight hours atter ovulation.

if' a woman menstruates regularly' everr four weeks, the ovula-

tion takes place on the fourteenth to sixteenth day of the
menstrual cycle.

If could not be determine definitely' when

women with a twenty-one day cycle do ovulate.

Apparently a

relatively' early' ovulation period is observed in such women.
It can be assumed that women with an irregular menstrual cycle

have an irregular ovulation.

Variations of a f'ew days in the

duration of' the menstrual cycle seem to be caused chietl.y by
a certain variability or the duration of' life of' corpus .
luteum.
The author kept under observation f'or over three months
a woman who menstruated every twenty-tour days;

he could

pro:r:e thirteenth dq of' the menstrual cycle as the functional
changes of' the uterine muscles could be demonstrated on the
fifteenth dq.

In spite of' this regularity of'.. ovulation the

cycle in November lasted twenty-tour days, in December
three days and in January twenty-nine days.

twe~~1-

It would be

wrong to attempt to explain this phenomenon by a variation
of' duration of' lif'e of' the non-impregnated ovum or of' its
innuence upon the function of' the corpus luteum.

It is

known that a non-impregnated ovum cell parishes before the
corresponding granulosa gland develops.

The corpus luteum
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ot menstruation has a duration ot lite which is independent
or the non-impregnated ovum cells. The causes of the :fluctuation or duration or life of corpus luteum must be ot pure11'
local nature; they ma7 be due to the kind of blood supply to
the ovarian tissue.

The existence or corpus luteum depends

probably chietl.,- upon the thick capil.J.arlr net receiving its
blood from outside;

it perishes earlier or later according

to the supply or blood.

(35)

Wittenbeck recently published a work where he used the
method for the determination of ovulation advocated by
Knaus and consequenl.ly obtained results similar to thos reported by him.

Wittenbeck was able to confirm the observa-

tion made by him that, under the influence or the corpus
luteum, the uterine musculature becomes relaxed and during
the ante-menstrual stage it is not influenced by the extract
or the posteriorlobe of the

~ph.,-sis,

on SO of 31 women.

Only in one case the uterus showed on the 22nd day or the
menstrual cycle in the presence of a corpus luteum, a definite bypophysial extract reaction. On the basis or this
single case, Wittenbeck presents the following criticism:
•This observation is sufficient to indicate on one hand the
value of the method tor the determination of the end of
ovulation and on the other hand, it questions the significance of corpus luteum for the suppression of the
uterine contractions and consequently leads to a doubt of
the dominating position of the aorpus luteum.

Apparently

the protection exerted by the corpus luteum against the posterior lobe

or

the eypopb1"sis is not absolute." We must

mention here that during the firstl-'7 days of pregnancy of
the rabbit, only insignificant reactions to the hypophysial
extract can be obtained by small doses of pituitrin on the
uterus in situ as well as on the isolated organ.

The

characteristic protection exerted by the corpus luteum
against the intluence of the hormone of the posterior lobe
of the hypophysis on tbe uterine musculature ia the presence
of a normal function of the corpus luteum is therefore absolute.

That this is true also for the human organism has

been shown by Wittenbeck himself, where positive results
were obtained in 50 of the 51 cases. While in the beginning
0.25 cc. and later 0.1 cc. or pituitrin injected intravenously was round sutficient in order to produce a strong
reaction of the human uterus in situ in the absence of
corpus luteum, Wittenbeck was unable, using a dose of 1 cc.
o£ hypophysial extract, to produce a reaction in 50 women in

the presence ot a corpus luteum. The question arises why,
in the case of Wittenbeck, on the 22nd day of menstrual
cycle no influence of the corpus luteum could be demonstrated on the uterine musculature.

Wittenbeck does not at-

tempt to find an explanation of this behavior but simply
states that also in the presence of corpus luteum which
could be demonstrated histologically, the uterus showed a
behavior similar to that observed in the postmenstrual cycle.
(57)

"In conclusion we may state that the criticism of
Wittenbeck

actua~

confirms Knaus' findings because it

shows that even in a predominent number or women suffering
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TABULAR VIII OF THE CBBOBOLOGICAL RILATIOifS OF THE DIFFERENT
l'UICTIOIS IN TSE FEMALE REPRODUCTIVE CYCLE
From

BJ'

Buman Embr,yoloif, Page 8
c. s. Sillkins (72)
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from iJDecologic atf'ections the termination of ovulation is
more or less constant, a condition regularly found in healthy,
regularly menstruating women•. '(57)

THJ!X)RIES OF CAUSE OF RUPTURE OF THE GRAAFIAN FOLLICLE

Hartman believes that rupture is due to increased intrafollicular pressure and to increased hyperemia. This view is
shared by lf. Shaw but the process is diff'erent. Schochet
attributed follicular rupture to the action of proteolytic
enzymes which he was able to demonstrate in the liquor
folliculi.
Hartman (2) states that increased intrafollicular pressure
is doubtless due to the secretary activity of the follicular
wall, either the mem.brana granulosa cells, as is more generally
supposed, or the theca interna cells.

It is quite possible

that there is a division of labor between both types.

With

reference to the Graatian follicle it should not be forgotten
that in a cystic condion its wall is often so much modified.
that granulosa and theca interna 11181' no longer be recognized
as such, being

grea.~

thinned out into an endotbellal-

like membrane; yet secretion by" these damged or modified
cells goes on at an even more

live~

rate than norma117.

The liquor f olli~e is due to a holocrine secretion
(by" degeneration and solution) of the granulosa, more parti-

cularl.7 the cumulus cells.

The loosening of the cumulus

prior to ovulation is, however, a normal growth activity
and not a degenerative process. (2)
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The intratollicular pressure has been ascribed not onl¥
to the secretion of liquor tolliculi but to increased bn>eremia
and blood pressure. Some men disagree with the idea that »l.ood
pressure plays a part and have performed experiments in which
the blood pressure was greatly increased directly to the
ovaries without any follicles rupturing.

(2)

The increased intratollicular pressure is a1so ascribed
to a swelling of the theca interna cells prior to ovulation.
This has been shown in dog experiments but not so in some
other animals.
A more plausible explanation of the sudden rise of
intrafollicul.. pressure is the intervention or the smooth
musculature about and within the ovary, specifically that
about the Graafian follicle.

Rouget (1885) described the

•erection" of the ovary by contraction or the ovarian ligament at the time of ovulation and to this action he ascribed
the function ot contributing, a1ong with stroll18.l muscle fibers
of the ovary, to the increase or intra.follicular pressure.
He observed also the enclasping ot the ovary by the f'imbriae.
This squeezing action of the fimbriae has been variously
invoked as the real cause or ovulation. (2)
Smooth muscle fibers have been found in the theca externa
of' follicles and these are well supplied with nerves.
ovary has been seen

The

to undergo spontaneous movements thus

these two phenomena are an aid to the rupture of a follicle
by raising the intraf'ollicular pressure.
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The chief objection to this theory is the fact that o'VUlation
does not usually occur during coitus, when the nerve impulses
to the genital orsans are presumably strongest. (2)
Shaw and others bel.J,eve that the origin or the liquor
folliculi is through secretion or the granulosa cells.
There are two well marked changes in the theca interna
layer, first the production of new capillaries among the
cells and secondly the hypertrophy of the cells so at the
end of the period of f'ollicle ripening, and also immediately
af'ter OTUl.ation, they surpass the granulosa cells in size. (71)
It is clear that before ovulation can occur the follicle
must burrow through the·cortex until it reaches the surface
and that the ovum must be situated in such a position that
it can be easi,4 discharged into the peritoneal cavity.

As

ripening continues the cumulus rotates so that immediately
prior to o'VUlation the
of the ovary.

~iscus

is directed towards the surface

Also in the process or ripening the develop-

ment of the cells of the thees. interna layer is continuously
best marked in that part of the layer which lies toward
the peritoneal cavity and this leads to the production of a
wedge of theca interna cells in this a,ituation as these
cells are actively growing not only do they burrow through
the cortex but they lead to an area of dilllinished resistence.
In this way the growing follicle develops in the direction

or the surface of the ovary and consequently gradually
approaches the peritoneal cavity. (71)
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'l'he cells of the theca externa layer immediately in front
or the advancing cone hypertrophy and became irregular in outline and their protoplasm becomes vacuolated.

These changes

are accompanied by the production of large spaces between the
theca externa cells and a particularly well marked space is
seen between the theca layers.

Corresponding changes occur

in the stroma cells in this situation and all these changes
are factors which reduce the resistance to the development
of the ripening follicle in the direction or the peritoneal
cavity. (71)
Immediately prior to rupture the follicle is near the
surface of the ovary with the cumulus directed toward the
peritoneal cavity.

'l'he follicle approaches the surface until

no stroma cells intervene between its cone of theca interna
cells and the surface of the ovary. At this stage a plug of
coagulated plasma appears in the most advanced part of the
,

theca interna layer. This plug contains a few leukocytes and
also a relatively large number of eosinophile cells. The resistance to the pressure within the growing follicle is now
necessarily very small and the liquor bursts through the
plasllB. plug, pushing the ovum with its corona radiata into
the peritoneal cavity.

(71)

Schochet in his article states that pressure atrophy of
the ovarian stroma is the chief means by which extrusion of
the ovum becomes possible.

During the growth and maturation

ot the ovum, the cells oC the Graatian follicle, after increasing greatly in number, begin to disintegrate and
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liquif)".

"From then on, an endosmosis seems to be induced by

which the liquor folliculi increases to a tar greater amount

than is thought possible to result trom the liquification ot
the follicular cells.

The follicle so distends that, follow-

ing the direction of least resistance, one side or it approaches
the free surface of the ovary, producing a bulging in this
surface, dispersing the ovarian stroma, thinning its tunica
albuginea and the overlying epithelium and results in a compression ot the blood capillaries intervening between it and
the surface ot the ovary•.

{67) It is supposed that nourish-

ment thus cut off from the ovarian stroma under compression,
the stroma atrophies till its resistance is less than the
pressure exerted by the distending f olllcle and the content
of the follicle bursts into the body cavity.

{67)

From histologic examination Ruhl concludes that the first
ovulation and formation

or

corpus luteum after a pregnancy

takes place in the ovary which did not contain the corpus
luteum of pregnancy.

In normal conditions, ovulation alter-

nates between the ovaries, and occurs in each ovary every
eighth week.

In case or the removal or one ovary the remain-

ing ovary becomes

~rtrophied

for compensation and ovulates

''

I,

I
i

'

I

every fourth week.

DTERUENSTRUAL PAD
Intermenstrual pain, "littelschmerz• or "mid-pain• all
refer to a pain occuring midway between menstrual periods,
which is considered the time of ovulation by most authors.
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"The symptoms of normal ovulation are usually very mild,
and most women attribute to gas or indigestion the associated
discomfort, which in many cases is quickly relieved supposedly
by some pet home remedy.

To teach a patient to recognize the

symptoms of ovulation it is not sufficient merely to ask her
to

loo~for

the pain between periods.

A definite proeledure

must be followed or at least halt the women will be unsuccesstul in finding the symptoms.

After finding the symptoms all

.

admit that they have had them since puberty and have invariably
attributed them to some other cause, usually gas or indigestion.
Perhaps the reason that these shymptoms have been overlooked

tor so long a time lies in the fact that the referred pain
area for the ovary is rather high in the abdomen, about the
level of the umbilicus.

Remember that the ovary gets its

nerve
. supply from the tenth
. dorsal nerve."

(5)

In 1895 J. H. Croom read a paper on so-called llittel-

schmerz, sometimes called a form of dy'smenorrhea.

The pain

occurred at mid-part of the menstrual cycle with exact
regularity.

The attack simulated all the symptoms of dysmen-

orrhea more or less severe, except there was no discharge of
a menstrual character.
this ailment:

There were three manifestations of

(1) pain occurring at a regular intermenstrua.l

period and with no external flow; (2) pain accompanied with
severe flow of blood; and (5) pain with a clear discharge.
There were three possible explanations:

(1) that ovulation
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and menstruation might not occur · t9gether, if the ovary were
thickened and ovulation occurred at mid-term, pain would be
experienced; (2) due to an endometritic condition; and (3)
due to a swollen Fallopian tube, a hydrops tubae, which
reached its height at mid-term and expelled its contents
through the vagina, this being accompanied by pain.
Palmer (1892) in speaking or a number of cases of intermenstrual pain stated that the time of the occurrence of
ovulation is usually at the height of menstrual congestion,
but intermenstrual ovulation is not infrequent.
In 1847, Pouchet, (57) mentioned the tact that about

thirteen days after onset of menstrual flow, some women experienced a reeling of heaviness or sharp pains lasting one
to two days.

He attributed this to contractions of the

Fallopian tubes and not to ovulation which it undoubtedly
is according to our present views.
Cyrus

w.

Anderson puts this question in his article,

after observing a freshly ruptured Graaf!an follicle during
an operation.

"Does it not seem reasonable that a woman

should be able to tell when a rupture or perforation of this
delicate organ, the ovary, takes place, even though it is a
regular normal monthly occurrence?•

(4)

He sights the intimate case of his wife who had for
sixteen years kept careful record of her menstrual periods
but had not payed any attention to her intermenstrual pain,
no.qicnowing anything about them.

She was told of the symptoms.

"A mild, cramp-lite pain coming on suddenly, f'ollowed by a
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sort

or

bearing-down sensation or feeling as if' the bottom

had dropped out of the pelvis, and lasting only a couple or

hours.

The pain is comparable to a gas pain low down in the

pelvis and is very mild but unmistakable once it is discovered.
It is unlike any other eort or pain•, - these occur at the
actual time of expulsion and for a short time afterward; and
after a couple of months she began recording ovulation along
with her permanent record of menstruation.
29 day cycle •

She had a normal

The result of her recordings is the following

.table: (4)
Menstruation

Ovulation

Interval

June 12

1952

June 27

15 days

July 10

1932

July 25

15 days

August 6

1932

August 25

19 days

September 7

1932

September 24

14 days

October 7

1952

October 26

19 days

November 8

1952

November 20

12 days

December 2

1952

December 20

18 days

January 4

1953

January 17

13 days

January 29

1935

February 15

15 days

February 25

1953

•rch l l

14 days

March 25

1953

April 8

15 days

April 22

1935

May 7

15 days

..

The interval between menstruation and ovulation varies
between 12 days and 19 days.
the variation is 7 days.

The average is 15.3 days and
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By rearranging this table to show the interval between
ovulation and menstruation Dr. Anderson produced the following table:
Ovulation

Menstruation

Interval

June 27

1952

July 10

1952

15 days

July 25

1952

August 6

1952

14 days

August 25

1952

September 7 1952

15 days

October 7

1952

Hi days

September 24 1952
October 26

1952

November 8

1952

15 days

November 20

1952

December 2

1952

12 days

December 20

1932

January 4

1935

15 days

January 17

1955

January 29

1955

12 days

February 15

1935

February 25 1955

12 days

March ll

1955

March 25

1955

12 days

April 8

1955

April 22

1955

14 days

~tion

to the following period thus varied from 12 to

15 days with the average of 15 days and a variation of 5 days.
The unif'ormity with which menstruation followed ovulatlon and the variance between menstruation and ovUl.ation, in
this one case, seems to point out that ovulation determines
the time of the following manstrual period.

Ogino says "The

peak of ovulation determines the following menstrual period
and has no connection with the preceeding one•.
Patientscoming to Dr. C.

w.

Anderson for birth control

advice were instructed to watch for the symptoms of ovulation, and when they were able to distinguish the symptoms

r
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they could absolutel.1" rel.1" upon a sate period beginning four
days later.
careful~

"In nearly every case, where instructions were

followed, they were able to tell when ovulation

took place and in not a single case has there been a pregnancy
in patients using this sate period".

(4)

In Baeney'\J article he says the mid-menstrual pain,

•111ttelschmerz•, appears fourteen days atter the onset of
the last menstruation in a 28-day cycle. Be had one case in
which the patient changed from a 26 to a 24 and then to a 22
day type cycle and the i:ntermenstrual. pain changed accordingly.

Drennan ascribes the •Jlittelsehmerz• to the escape of
the non-fertilized ovum in the mucous discharge, the pain
being due to expulsive efforts on the part of the uterus.
Giles (4) explains the periodicity of the pain by assuming that the edema consequent to menstruation closes up the
uterine end of the tube. Fluid accwnulates in the diseased
tube and the subsequent etforts to the tube to expel its
contents give rise to the pain. The pain ceases with the
escape of the tubal contents and the appearance of a discharge from the vagina.
Croom believes the pain due to ovulation and explains
it by assuming that the ovulation in these cases is asynchronous with menstruation and that the pain is due to the resistance met by the follicle in its effort to burst and release its ovum.
"What evidences have been offered by the advocates or

r
this theory to show that periodic intermenstrual pain is due
to painful ovulation, that ovulation occurs at this time? No
operative findings have been ottered, only that the pain is
periodic, and, since the pain does not coincide with menstruation, then the only other periodic occurrence is assumed
to be ovulation°.

(4)

Eberhart states that,"In some patients the middle pain
develops during sexual life and disappears during the same
period. The middle pain ms.7 be accompanied by leukorrhea and
slight bloody discharge.
women speak of •small

In certain regions of Germany,

period.~

Some authors place the middle

pain into the group of dysmennorhea.

The pains may last a

few hours or even a r ew days. The m_iddle pain is observed
relatively frequently in essential menorrhagia• . It has been
suspected that increased tension or the follicular liquid
causes painful ovulation if the tunica albuginea is very
tough as the result

or

hyperemia or the ovaries. It is also

possible that normal ovulation causes pain due to hypersensitiveness and irritation of the uterus.

Psychic fJ1mptoms

have also been observed during the ovulation period.

i.e.,

fourteenth to sixteenth day after menstruation, vis.,
irritability, headaches, vomiting, fatigue and sleeplessness.
•The middle pain is attributed to a neurosis by some
authors, to an inflammation or genital organs by others and
to vasomotor hyperirritabllity by another group of investigato~s.

The time of pain coincides with ovulation which

r
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can be proven by the fact that mucosa obtained by curettage
during this period shows the first signs of secretion and the
terminal stage. of proliferation.
"The pathogenesis of the symptoms is not clear.

Some

cases can be interpreted in such a manner that menstruation
and ovulation hemorrhages alternate.

In several cases the

author was able to demonstrate hypersensitiveness of the uterine cavity by introduction of' a probe.

In slight cases a

hyperf'unction or glands with internal secretion, namely
anterior lobe of the pituitary gland,
ovaries, may play a role."

thyroid gland and

(21)

Burns 1 (5) classification or the natural or physiologic
phases which occur in both the menstrual and pregnancy cycles

ot all placental animals:
1. Follicular Phase:

(Maturation of follicle
(Proestrus and estrus
(Proliferating endometrium

2. Ovulation Phase:

(Distention and rupture or
( follicle and escape or ovum
("Interval" Eodometrium
( (Metestrus)

5. Luteal Phase:

(Corpus LuteuDI development
(Glandular endometrium
(Pseudopregnancy or preg( nancy (Diestrus)

(Corpus luteum degeneration
4. Degenerative Phase:(Endometrial desquamation
(Menstruation or labor
5. Quiescent Phase:

(Fertile cycle: lactation
(Infertile cycle: absent or
( becomes anestrus
(Non-breeding season
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It is easy to remember these phases by the initial letters

norm~

follow each other in the twenty-eight day cycle in

rhythmic succession, like this:

F-0-L-D-F-O-L-D

In the twenty-one-day type, instead of a shortening ot
each phase, in order that each would occur within the twentyone days, there is an overlapping so that the follicular
phase (F) and the menstrual phase (D) are occurring at the
same time.

F-0-L-D
F-0-L-D
F-0-L-D

In the fourteen-day type there ls so much overlapping
that one ovario-uterine cycle is onlJ half' completed when the
next begins and ovulation and menstruation are tald.ng place
siJl'JUltaneously:

F-0-L-D
F-0-L-D
F-0-L-D
. In menstrual cycles longer than twenty-eight days the

I phase or quiescent phase occupies a space between cycles,
corresponding to the milk phase following pregnancy:

F-0-L-D-X-F-0-L-D

c. w• .Anderson
Symptoms of

in "Teaching the Patient to Observe the

Ovulation~,

states, "The symptoms or normal

ovulation are usually very- mild, and most women attribute
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to gas or indigestion.

To facilitate the finding of the symp-

toms or ovulation, the "ovulation time table" has been invented.
Simple and self-explanatory as this device is, it is insufficient merely to hand the patient the time bable and tell her

to "take it home and use it.• Some women learn more rapidly
than others but generally at least two or three visits to the
physician's office are necessary.

The following procedure is

advocated&
(1) Get as much history as possible concerning the menstrual cycle, especially with regard to irregularities.
(2) Emphasize the importance of keeping an accurate record of menstruation to determine the individual cycle.
(3) Explain the physiology or ovulation to the patient
and describe the symptoms, as follows:

The symptoms, to begin

with, are very much like the discomfort arising from gas in
the intestines. The discomfort is first felt rather high in
the abdomen, about the level or the umbilicus and one side
or the other according to which ovary is ovulating.

There is

slight tenderness to pressure. This is followed by a slight
bearing down sensation similar to menstrual cramps.

Some

women have a sharp, piercing sensation lasting only a few
seconds, followed by a slight tenderness low down in the
abdomen.

Many women have the sensation as if they were

•going to menstruate in the middle of the month."
Variations of the severity or the symptoms are the rule
even in the same patient from montP to month.

Occasionally,

when the symptoms are severe, the multiparous woman tells

ot "feeling much like the first time she sat on a toilet after

her babies were born.• Some women experience a slight headache,
some a soreness in the breasts, and many say there is a slight
increase in the vaginal secretion so as to give a slight discharge during that day.
been completed

when

lla.n;y

say they know the process has

they pass a plug or mucus a day or two

later,. and that they are able to predict the time or the oncoming menstruation from the time of passing this 9 mucus plug.•
In a very few cases there is sl.ight bleeding.
(4) Remembering that ovulation may come a few days earlier

or later than on the exact day indicated by the cycle card,
the physician should outline or check about five days (two
days before and two days after the expected time for ovulation)
and request the patient to keep a written record of every

symptom occurring during these days regardless of whether or
not she thinks it has any bearing whatsoever on the case.
For example: ?/50/ 1 53 •cramp in right side or abdomen lasted
only few seconds, think it was gas;"

ache;"

8/l/•'fi6

•nothing noticed; n

7/'!il/•ss

8/2/ •'6'6

•slight

head-

"passed small

plug of mucus. 11
(5) The patient is asked to keep in her own code a

record of all events pertaining to the cycle, in the blank
spaces provided to the right of each month. The following
code is suggested:

cross (X), indicating the number of

days occupied b,y menstruation; dot (.), indicating intercourse on that particular date; O, indicating suspected
ovulation,

or-.,

ovulation in the right ovary, and

O,

in

the lett ovary, as the case 'E¥ be; and dash (-), meaning
passed plug or mucus.
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(6) The physician may or may not intruat the patient
with Jc:)Wl the cycle card and the date card at tJais Mme.

•

some °"es

i~

In

may be advisable, in other cases Jae JJJ&7 wish

to have her return each month for three or four months, in
order that he may more accurately determine which is the
best cycle card for her to use, and also assist her in finding the symptoms or ovulation.
The finding or the symptoms of ovulation not only gre•tly
increases the ef'ficiency or the device but also increases the
number of days in the cycle which may be considered as sterile,
because there is very little danger or pregnancy occurring
from intercourse i t a period or forty-eight hours has elapsed
since ovulation took place.

Af'ter a few months many patients

are positive or the symptoms of ovulation, and.these patients
may begin their premenstrual sterile period forty-eight
hours after the symptoms have been noticed.
The author has studied 100 cases, and has had only 4
failures, one or which could not be charged to the method.
~;

Thesf 4 failures were due to:

(1)

intercours~

hastening

ovul~tion; (2) the patient, a nurse, overstepping the bounds
set in the chart; (3) the author's failure to take a sutfi~ient h;lstory; and (4) aenstruation and ovUlation occurring

at the same time."
"'

4

I

(')
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OVULATION AND MENSTRUATION TIME TABLE

Courtesy of Cyrus

w.

Anderson, M. D.

FOR
USI! ONLY
IN 28-DAY CYCt.E

FOR

Ulll!ONLY
IN ll-DAY CYCU!

r
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From, SEX AND INTERNAL SECREI'IONS
By Edgar Allen

(2)

Page 101
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INTERREl:.ATIONSBIP OF THE ENDOCRINE GLANDS
The knowledge of the interrelationship of the glands ot
internal secretion is still incomplete but more and more
accurate data concerning this subject is being brought to
light all of the time.

One or the more recent works of this

nature is Mazer•s, Clinical Endocrinolog:r of the Female.
I have quoted his works almost solely as it gives a concise
resume of the subject and I do not wish to go into too much
detail on this phase.
The Mechanism or Hormonal Interrelationship. -- •Neither
synergism nor antagonism between two glandular products should
be viewed :from the standpoint or chemical interaction. The
cimultaneous presence of many hormones in the body fluids precludes such assumption.·
Thus tar we know of three ways whereby the interrelationship of endocrine products may find expression:
1. By mutual dependence, not necessarily reciprocal. in
character, between two glands through the ability of the
hormone ot one to accelerate or depress the function of the
other.

For instance, the lack of ovarian stimulation follow-

ing hypophysectoD17 results in total suspension
function.

or

ovarian

Castration, on the other hand, produces definite

structural. and functional over-activity of the anterior
pituitary lobe.
2. By cooperative or opposite effects upon a nonendocrine organ. Here the eftects of synergism or antagonism
are not apparent either in the structure or function of the
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interrelating glands, but are apparent in altered structure
or function ot the dependent, nonendocrine organ, such as the
uterus which is stimulated to contraction by pituitrin and
soothed by the administration or progestin. The respective
glands producing these two hormones are really not antagonistic.
The removal of one is not known_ to produce any effect on the
structure or function of the other, but their individual action
on the animal uterus is definitely antagonistic.

On the other

hand, the hormone of the thymus is probably synergistic with
pituitrin in causing uterine contractions.
3. By indirect and individual effect. For instance the
so-called "antagonism" between insulin and adrenalin, observed when the latter is given to combat hyperinsulinism,
is really due to the ability or adrenalin to mobilize and
reconvert tissue glycogen into glucose, and not to any
direct antagonism between the two hormones. This point was
well illustrated by the observations

or Kugelmann

who found

an invariable rise in blood pressure, leukocytosis (l1'ml>hocytosis) and an appreciable decrease in the size of the
spleen (when the latter was enlarged) after the administration of a suf'ficient quantity of insulin to cause a fall
or the blood sugar to 60 mg.

This author attributes these

results to the outpouring of adrenalin in response to the
fall

in blood sugar, for these phenomena did not appear when

glucose was given with the insulin.

It thus appears that
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an acute hypog:qcemia calls torth an increase in adrenalin
production,

probab~

through the autoaomic nervous system.

The antagonism between insulin and adrenalin is rather indirect.
The posterior lobe hormones contained in pituitrin also nullify
the effects or hyperinsulinism to a smaller degree, probab:q
through the same mechanism.
Where the function or a gland material:q depends upon
stimalation from a hormone· of another gland, the removal of
the dependent glad invariably results in a compensatory hypertunction or the donor gland.

Thus castration or thyroidectom;y

results in hyperactivity of the anterior pituitary lobe.

It

may be argued that the thyroid atroPlv'" following castration

(Tandler and Grosz) is an exception to the rule because
~oxin

is

no~

stimulative or ovarian function.

It

must be remembered, however, that the effect of tbTroxin on
the ovary is not specif'ic. The tbTroid hormone accelerates
cellular activity in nonendocrine organs as well.

It thyroxin

has a:q specific eff'ect on the gonads it is through the medium
or the anterior pituitary lobe.•

(47)

Gonad-Pituitary Interrelationship.-- "A nonreciprocal
relationship exists between the ovaries and the anterior
pituitary lobe.

Extirpation of the latter results in com-

plete suppression of ovarian fllllction (Smith).

Castration,

on the other hand, is followed by an increase in size and
function of the anterior hypophysis (Tandler and Grosz,
Rossle, Engle, Evans, and Fluhmann). This observation
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suggests an inhibitory influence or the ovarian secretions on
the sex hormone-producing cells of the· anterior pituitary
lobe.

Which of the two ovarian hormones inhibits the function

of the pars anterior is still a matter of conjecture.

Hisaw

claims to have shown that progestin inhibits the action or
pituitary trnasplants in promoting maturity in rats.

This

would partly explain the periodicity or anterior pituitary
lobe function and the consequent regression of the corpus
luteum toward the end of the menstrual cycle.

The experiments

or Leonard and Moore seem to indicate that excessive quantities
of oestrin also inhibit the gonad-stimulating function of the
hypophysis.

They found that pitui-tary implants obtained

from animals receiving oestrin are less potent in their
ability to induce sexual precocity in immature female rats.
The unreliability of judging the degree or function of a gland
by its hormone content is apparent, for some glands, like the
ovary, store very little-of the hormone which they produce.
Moreover, hormones, like

other~hemicals,

may_ be stimulative

in physiologic quantities and depressive when given in excess.
More conclusive evidence that oestrin inhibits the gonadstimulating function of the anterior pituitary is the experimental observation or Schoeller and his collaborator, who
prevented the castration effect in the structure or the hypophysis of immature rats by injections of small doses or
oestrin.

Moreover, they were able to cause the disappear-

ance or the "castration" cells by treatment with oestrin.
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Finally, Dahlbergrs findings that the simultaneous administration or oestrin and urine of pregnancy has no ettect on the
ovaries o.f immature mice, are further evidence of oestrin
antagonism to gonad-stimulating activity of the anterior
pituitary body, for pregnancy-urine alone almost invariably
evokes marked developmental changes in the immature ovaries.
From these observations, we may for the present assume
that the premenstrual high level of blood oestrin inhibits
anterior pituitary function, which results in regression or
the corpus luteum."
The Relationship Between the Corpus Lutuem and the
Posterior Lobe Hormone, Oxytocin.--"The relation between the
luteal

hormone~

progestin, and oxytocin is frankly antagonis-

tic; the former inhibits uterine contractions (Hisaw) and
thereby prolongs pregnancy (Miklos), while the latter induces
uterine contractions, and is capable of interrupting advanced
pregnancy.

Progestin nullifies the effect of pituitrin on

the extirpated uterus of the guineapig (Morrell)." (47)
The Gonad-Thyroid

Interrelationship.~

"Tandler and

Grosz studied the effects of castration on the eunuchs of
the East and the religious sect of Russia known as the
Skoptsi.

The thyroid becomes small in such cases, showing

a decrease in basal metabolism.

Experimentally, Chouke found

that the structure of the thyroid gland of the castrated
guinea-pig shows a tendency toward an increase in the amount
of colloid material and a flattening of acinar epithelium.

r
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'fh1'ro!d hypotunction, as seen in cretinism and m;yxedema,
has a profound depressive ettect upon the gonads.

Whether

this is part and parcel or the general decrease in cellular
activity incident to hypothyroidism or is the result or a
concomitant inactivity or the anterior pituitary lobe, indirec~

attecting the ovaries, is still a matter or conjecture.

At any rate, a dependent relationship seems to exist between
the gonads and the thyroid gland.
"Hyperthyroidism, as seen in Graves• disease and less
f"requentq in toxic adenomas or the gland, may also depress
sex fllllotion.

Whether this is due to the severe systemic

depression mostly associated with the former or hyperluteinization or the graatian follicle, as suggested by the experimental work or lfeichert, through the medium or an overactive
pars anterior of the hypophysis, is not known.

The latter

assumption is supported by our finding of an excess or
anterior pituitary and temal sex hormones in the blood and
urine or a f"ew nonpregnant women sutfering from exophtbalmic
goiter. These women were amenorrheic and had sympt,oms
taintq suggestive or early pregnancy. They showed a· positive reaction by the Siddall, Aschheim-Zondek and oestrin
pregnancy tests.

They were subsequentq shown not to be

pregnant. Since the publication or our report, we encountered
two women suttering from toxic adeaoma who likewise showed a
positive Aschheim-Zondek and oestrin reactions for pregnancy.
Subsequently, they were found not to be pregnant.

It seems
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that excessive tiv"roxin stimulation of the pituitary gland
results in the production or an excess of the anterior
pituitary sex hormone and a persistence of the corpus luteum,
with resultant suppression or menstruation and an excess
production of oestrin."

(47)

Pituitary-Thyroid Interrelationship.- "Experimentally,
Rogowitsch and Stied.a demonstrated hypophyseal hypertrophy
following thyroidectorq.
by

Such hypertrophy is characterized

an increase in number of the chromophobe cells only.

Larson and Hoskins found that the untoward symptoms following complete thyroidectom;y in rats and tadpoles were
ameliorated., and life was def'initely prolonged, by the administration of anterior lobe tissue.

Loeb and Bassett

and Siebert and Smith observed that subcutaneous injections

ot acid or alkaline extracts of anterior pituitary tissue
increase the basal metabolism or guinea-pigs to a marked
degree.

These observations ue in accord with the findings

of Crew and Wiesner who obtained a thyroid-stimulating
principle from the anterier pituitary lobe, tree from the
maturation hoemone. They called this hormone "thyreo\ropin."
Hn>ophysectomy, on the other hand, as shown by Richter,
results in

~roid

atrophy as well as atrop}V" of the adrenals

and gonads.
"It is thus apparent that a dependent relationship
exists between the hypophysis and the thyroid.

The hormone

or either gland is capable of stimulating the other.

While
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total ablation or the thyroid results in an increase in
structure and function of the hypophysis, which in case of
need seems to assume thyroid tunction, extirpation of the
hypopeysis, according to Richter, results in atrophic changes
in the tb;yroid.•
·~

(47)

does the corpus luteum not bring about menstrua-

tion, if it be present in the ovary, in such cases as adiposogenital dystrophy or cases or lacting breasts? In which
cases pregnancy has occurred." (49)
Novak answers, presumably because it is antagonized by-

the new factor in the f'ield, that is, the pituitary element
in the adiposogenital cases, or the factor of lactating
breasts in nursing women.

DURATION OF VIABILITY OF OVA AND SPERMATOZOA
O. Grosser states that it is generally admitted and in
fact cannot be denied that the sperm cells might survive
and remain motile in the female genitalia for several days
and even some weeks, but it is probale that on the average
this time is rather short, from one to two days.

It is

probably below one day in young people with frequent sexual
intercourse, where sperm would be accumulated if' it were
not destroyed, and where that curious and not fully understooi process

or

immunization of the woman against sperm

may occur, perhaps as a result or quick dissolution and
resorption of' sperm.

IF
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Other factors enter into the consideration of the female
sexual cell, the ovum..

Before being fit for fertilization,

the ovum must undergo two cell divisions, called the maturation
divisions, which result in the formation of the polar bodies
that are expelled froro the cell.

Maturation seems always

intimately connected with the rupture of the follicle, but
at the end of the process the nucleus of the ripe ovum is
not reconstructed.

It is awaiting fertilization in quite a

labile state, and if' fecundation does not occur within a
relatively short time, probably always less than twenty-

four hours, the ovum degenerates and is lost.

This has been

demonstrated histologically and experimentally as well.
After ovulation the ovum is promptly carried down the
Fallopian tubes to the uterus and is expelled unless ferti·lized; there is no place for it to wait for the spermatozoa.
Consequently, the moment of ovulation must practically be
indentical with the moment of insemination and if this moment·
is missed, fertilization cannot occur.

Thus it may be said

that though spermatozoa may possibly await the ovum, the ovum
can never wait for the spermatozoa. (24)
Different scientists have shown that the li.f'e of the
human egg cell is one day and that of the sperm cell is two
to three days.

It takes 10 days for the egg to pass through

the Fallopian tube. (6)

Henle has definitely shown that spermatozoa are able to
travel a distance of one centimeter in 5 minutes.

(78)

r
I
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Lillie (18) says, twenty-:f"our hours is the likely limit
for capacity or spermatozoa to fertilize.
Mall declares that sperms have lost their fertilizing
power by the time they have passed the tube.
Boyce and Teacher conclude that fertilization must occur
within forty-eight hours after copulation.
Lillie shows that sperms are exceedingly sensitive organisms in several respects, and draws attention to the fact that
motility is not a criterion or fertilizing power and that
living the long periods claimed does not mean that the sperms
can fertilize all that time. Their life depends upon the
rapid5.ty with which they use up their own energy.

Constantly

giving ot 002' they Mke the fluid in-which they are suspended sufficiently acid to inhibit their own movements.
Thus immobilizing themselves in the testis, they save energy
until ejaculation.
prostatie secretion.

Then the 002 is absorbed by the neutral
Anything over 0.045 percent solution

of several acids kills horse sperm.
both acids and alkalies.

Semen is buttered against

(18)

Menstrual blood is a particularlT favorable medium for
persistence of motility ot the sperms and thus sperms with
low or brief motility may be able to impregnate the ovum in
some cases for fertility is relatively high during menstruation.

14 percent, as agreed by Zangemeister, Pryll, Siegel

and others. (16)
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Carl

o.

Ohlin reports on the "Longevity of Spermatozoa•.

His experiments with this problem consist in the removal or
tubal epithelium from normal tubes and placing it OD. glass
slides.

Drops of fresh seminal fluid were then added to this

material.

Some of the preparations were kept at room tempera-

ture, and others incubated at. ~7°

a.

The length or time that

the apermatozoa remained alive was then determined by frequent
microscopic examinations.

In the specimens kept at room

temperature the spermatozoa rema.ined motile for about 50
hours.

The preparations kept in the incubator r.emained

alive for only 12 hours.
These experiments indicate, the author states·, that the
tubal epithelium and its secretions constitute a medium which
is indifferent to.the vitality and longevity of spermatozoa.
This would support the modern conception that the duration
of the life of the spermatozoa after coitus is comparatively
short.

(55)

Belonbhkin states that the sperm cells have a certain
amount of energy, .and their length of life will depend upon
how rapidly this amount is used up.
Alkaline secretions, for instance, favor the motility
of the cells, but at the same time they shorten the duration

ot their life. Slight degrees of acidity, on the other
hand, diminish their movement but thereby may prolong their

existence.

The same applies to temperature changes.

At

a low temperature the motility of the spermatozoa is con-
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siderably diminished, but the duration or their life is lengthened.
The vaginal secretions are acid and hence harmful to the
spermatozoa. Under natural circumstances, however, this is
of little practical significance because the sperm cells
enter the upper genital tract very rapidly after coitus.
Belonoshkin states, however, that living spermatozoa may be
found in the vagina 24 hours after coitus. This would seem
to be contrary to most observers who claim that the spermatozoa within the vagina are destroyed within a few hours.
Cervioal secretions are highly alkaline and stimulate
the activity of the cells.

In the cervix, the author states,

the cells may remain alive for 48 hours as a maximum, and he
is or the opinion that the spermatozoa do not survive longer
than 24 or 48 hours in the female genital tract.

(10)

In animal experiments performed upon rabbits, J. Hammond

and S. A. Asdell, found that sperms may retain their ferti11ty in the male tract up to SS days, but in the f'emale
tract only up to 30 hours.

(9)

Carleton and Florey on experiments with dogs and rabbits
conclude that there is no aspirating etfect ot the cervix on
the seminal fluid and that though the presence of spermatozoa
in the uterus soon after coitus, such presence can only be
ascribed. to the intrinsic motility of the male germ cells.
11

It is admitted that these results are the outcome or

experiments on two widely ditf'erent species whose organs
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ot generation differ somewhat from those or man. It must be
conceded, however, that these results should be applied to
the human being, until, or unless, quite unequivocal evidence
to the contrary is produced."

(12)

Latz and Reiner in their article state that the lite of
the sperm cell within the female genitalia is less than 48
hours.

The most important factor influencing the length of

the fertility or the spermatozoa in a harmful way is the body
temperature within the vagina. The scrotum serves as a refrigerating apparatus for the testicles, keeping the spermatozoa at a temperature which is several degrees lower than
that or the circulating blood.

Added to this, there is the

leukocytosis with phagocytosis and the higher

~drogen

ion

concentration in the vagina, all or which have a limiting
,,.,

etrect on the viability or the spermatozoa.
The ovum can be fertilized for only a few hours after
ovulation.

This is due mainly to two biologic factors, each

of which alone would bring about this short lif'e span or the
egg cell.

Shortly before or just during the process of ovula-

tion the first maturation division of the ovum occurs;

the

second maturation division occurs only when the ovum is
fertilized.

The time interval between these two mitotic

cill divisions is short; a sperm must, therefore, be at hand
to serve as a life saver to the ovum.

Secondly, soon after

the last follicle cells have fallen away from the ovum after
&ta rupture, the smooth surface covers itself with a sheath
of albumin as it travels through the tube. This albumin
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sheath :grotec'ts the ovum, aids in nourishing it until it has
embedded itself in the wall of the uterus and last but not
least, otters a successful resistance to the penetration of
the spermatozoa.

(45)

Ogino (51) says the human ovulated ovum retains its
tertilizable capacity tor a short time like that of other
mama.ls.

Though it is not yet known how long the ability

lasts within a period or from three to twelve hours, it is
certa:in at any rate that the ovum loses its ability from the
next evening at"ter the ovulation.
As for the duration of the t.ertilizing ability of the
spermatozoa, the following observations are significant:

in

13 of 14 cases of pregnancy with a known day of conception,
the cohabitations fell in the time ot ovulation and the 5
days preceding ovulation.

Only in one of the cases the f erti-

lizing cohabitation took place four days before ovulation.
The 50 cohabitations of fertile married couples between the
sixth and tenth days before ovulation were sterile.

The time

ot obserw.tion was 50 months. The fertilizing ability of the
spermatozoa can not therefore last longer than 5 days. (53)
THE STERILE AND FERTILE PERIODS

Soranus wrote in the second century A.D. - "In cases
where it is more advantageous to prevent conception,people
should abstain from coitus at the times when we have indicated
as especially dangerous, that is, the time directly before
and at"ter menstruation."

(30) This probably is the first

or all writings relating to the theory of •sterile or sateperiods" as we know it today.

Also Capell.man in 1883 suggested

the possibility of a"eaf'e period" in the menstrual cycle.

{50)

Theoretical.11", the sterile period is based upon the following factors:

{74)

1. That the human ovum survives not more than a day after
it is released from the ovary.
2. That the spermatozoa can retain their fertilizing

capacity in the female genital tract tor only about fortyeight hours.

S. That ovulation in regular)¥ menstruating women occurs
at a more or less definite period or the month.
Rules to followed in the use of the sterile period: {43)

1. A written record is made of the dates of the beginnings
of menstruations covering a period or at least eight months

to one year before applying the method.

This is necessar;y to

determine the variation between the shortest and longest cycle.
All disturbing factors should be recorded such as colds, any

disease, shocks, change or climate, trips, etc., tor any or
these may upset the menstrual cycle.
2. There must be no kind of sexual intercourse during

the time

or

possible conception.

3. A regularity in menstruation must prevail. The variation should not be over · ten days.

90% of women vary between

two and eight days.
4.

After these three rules have been satisfied, the

r
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woman is told that her fertile period extends from the twelfth
to the nineteenth day before her expected menstruation (the
expected first

d~

of menstruation being calculated from the

longest cycle in the last eight months), plus the days of
variation, between the longest and shortest cycle in the
last eight months added to the beginning of the fertile period.
The sterile period should not be used:
1. After confinement, miscarriage or abortion until the
regularity or the cycle is reestablished (usually from
··

three to six months).
2. After febrile and debilitating d1seases or severe
physical injuries.
3. After sever psychic or emotional upsets.
4. After any drastic alteration in the ordina:cy routine

.

of lite, such as prolonged travel in a strange climate, and
strenuous exercise.
Knaus (34) concludes, women with a regular four weeks
monthly cycie CSA not conceive in the first ten days (counting from the first day of menstruation), nor after the

18th day.

The term conception is limited to the time

including the Uth and 17th day.

The greatest tendency to

conception is in the time ot ovulation between the 13th
and 14th day. With a regular cycle of 26, 30 to 32, 34 to
38

d~s,

the term or conception is on the 9th to the 15th,

or the 15th to 21st, 15th to 23rd and 17th to 25th day
with an optimum (ovulation) on the 11th to 12th viz.

r-
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15th to 18th, 17th to 20th, and 19th to 25rd day.

The author

has . . even indicated a "technical accessoryn (evidently a kind

or calendar) which in a simple and sure manner shows the
time of increased conception tendency for women menstruating
regularly every 26 to 30 days.
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Mensual cycle of 26 days; Ovulation
on the 12th day.

Mensual cycle of 28 days; Ovulation
on the 14th day.

..... ·-·-· -·--

Meneual cycle of 30 days; Ovulation
on the 16th day.

A - Best time to conceive.
B - Physiological sterility.
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The solution or the question
the determination

or

or

conception depends upon

the time ot ovulation, the time and dura-

tion of the fertilizing ability of the spermatozoon. Under
physiological conditions, the time

or

ovulation, with all

kinds menstrual cycles, is the five-day period between the
twelfth and sixteenth days before the next menstruation.

In

other words, if conception does not take place, the next
menstruation occurs on the thirteenth to seventeenth day af'ter
the ovulation.

By this definition, the date of m&!J1' authors,

apparently contradicting each other, can be accorded. To
prove his contention Ogino reports a case or intermenstrual
pains.
Ogino (55) clailBs the tertilizability of the ovum can
be

studied direct4, that is not by

an~mai..

experiments, by

systematicaliy observing the result or coitus after ovulation,
and that of the fertilizing ability of the spermatozoa by
observing the result ot coitus betore ovulation. The presence
of living spermatozoa in the female genitalia is not significant.

By

observations or this kind, the writer reached the

conclusion that the time ot·conception is the eight-day period
which lies between the twelf'th and nineteenth days before
the next menstruation, and that conception in the five-day
period before this time is only seldom possible, and, during
the rest of the time the woman is physiologically sterile.

In 13 or 14 cases, the day

or

conception

lay

within a

period covering the time· or ovulation plus three days preceding it.

Only in 1 case, the day or conception was the

fourth before ovulation.
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A group of observations is constituted by 2'14 cohabitations between 5 fertile couples within 115 months.

None of

the 242 cohabitations during the eleven premenstrual days led
to pregnancy; 29, between the sixth and tenth days betore the
calculated time of ovulation were also sterile, while three
during the calculated fertile period were followed by pregnancies in 5 of tne five cases.
In a group or 17 cases observed within 6 7ears, pregnancy

resulted from marriage contracted within the calculated time
or fertility, without another menstruation occurring. During
the same period, there was no case of pregnancy before another
menstruation occurred, when marriage was contracted during the
calculated physiological sterility. Furthermore, in a group

ot 88 eases, observed within 4 years, conception took place
during the first two or three months of married lite. The day
of marriage, the day of the first menstruation after marriage,
and the duration of the menstrual cycles thus tar, were known.

In 49 of these cases, marriage was contracted before or during
the time of ovulation, and in 11 of these, pregnancy resuited

.

without any other menstruation occurring. ··1n the remainin'
39, in 1'bich marriage was contracted after the calculated
time' of ovulation, no pregnancy resulted without another menstruation occurring.

(55)

For the practice Ogino recommends one to calculate the
time of conception from the onset or the last menstruation.
With a 28-day cycle, it lies between the tenth .and seventeenth
days after the onset of the last menstruation.

With a longer

r
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or shorter cycle, it is correspondingly displaced.
account the irregularities

or

Taking into

the cycle in the same woman, the

formula tor calculation is the to11owing:
Onset of fertile period 10 plus (minimal cycle
minus 28 days)
End or f'ertile period
minus 28 days)

17 plus (maximal cycle

The result determines the day in question after the last
·~

menstruation; the maximal and minimal duration of the cycle
must be calculated f'rom the 12 preceding cycles.

The rare

possibilities of conception are regarded in these calculations,
as th97 play a negligible role in the practice. .An indispensable condition is an exact record of the menstruations.

As

long as such a record is not available, the periods or f'ertility and sterility can be calculated only approximately from
the longest and shortest duration or the cycles as remembered
by

the woman.

Failures can be due to failures of the memory.

The greater the fluctuations or the menstrual cycle,
the less dependable the calculation in the practice.

A

fluctuation of' 10 days is the limit of the pr8c:'tical value
or the theory.

Periods after lactation, severe diseases, and

change or living conditions must be taken into account.
Fluctuations or 11 days occur in 26% of' the women according
to Obata's observations in 960 pupils menstruating for more

than two years and in whom from 3 to 10 menstrual cycles were
accurately recorded.

No fluctuations were observed in· 0.7%;

r
70

fluctuations up to 3 days, in 10.0%; up to 7 days in 50%;
and up to 10 days in 44%.

Since ovulation has nothing to do

with the preceding menstruation, but depends entirely upon
the next menstruation, an absolute insurance cannot be given.
But i f there is a question of preventing conception, none or
the other means, chemicals, pessaries, condoms, let alone
sterilization ot tubes, are absolutely dependable, without
being

p~siological,

and as harmless to

health as the regulation or intimacy.

p~sical

and mental

(53)

In summing up the various theories ot the •sterile and

Fertile Periods", these fundamental considerations are
presented:

The egg is extruded from the ovary practically

always at soiae time varying from the eighth or ninth to the
eighteenth or twentieth day of the usual twenty-eight day
cycle exhibited by most women.

Most often ovulation occurs

at about thS twelf'th to the fourteenth day.

The life of the

ovum after its extrusion from the follicle la very short,
probably not more than a day or so, and according to some, only
a few hours. From the standpoint of the female alone, therefore, the time at which ovulation occurs is for practical
purposes the only time at which fertilization can occur.
'.l'l;eprobln, therefore, is to determine at what ti.me ovulation occurs. Were it possible to do this in the individual
patient, the question would be greatly simplified. (50)
"From the standpoint of the male, the chief factor to
be considered is as to how long the spermatozoa retain
their potency af'ter injection into the genital canal. The

r
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evidence now seems quite clear that, while they may retain their
motility longer, they lose their capacity to fertilize the ovum
in two (Knaus) or three (Ogino) days.

Combining the male and

female factors, therefore, it would seem that the time at
which fertilization can occur is the ovulation phase, plus about
three days to allow for the possibility or survival of previous~

injected spermatozoa, plus perhaps a day or so to allow

for~the

possibility of survival of the ovum for that period

after ovulation.•

(50)

•Ogino has presented evidence to indicate that the possibility of .fertilization is limited to a definite phase or the
cycle.

In the woman with a twenty-eight day cycle, ovulation

oceurs from twelve to sixteen days before the next menstrual
period, and the conception period is limited to the eight
d&l'S between the twell"th and nineteenth days before the next
period. The latter, therefore, is taken as the point or departure, in the view that the postowlatory or corpus luteum
phase or the cycle is the one ot fixed duration.

Ogino

admits the possibility or fertilization in the five day
period preceding the span indicated but considers this very
remote.
•The difficulty that at once suggests itself is as to
the application of this rule in women with cycles of other
than the common four-weekly type.

It is a well known fact

that women vary mch in this respect, and that in the individual woman there may be frequent and perhaps wide variations
in the length or the cycles.

Ogino stresses the importance

r
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of careful chronological study of many menstrual cycles
whenever possible. The beginning or the eight day 'conception period' he puts at ten days plus or minus the difference
in days between twenty-eight and the minimal length or the
cycle.

The end or the dangerous phase he placea at seventeen

days plus or minus the dif'f erence between twenty-eight and
the

ma.x~al

length of the cycle. To put it another way,

the woman determines her •saf'e period' on the basis of her
shortest cycle, and also of' her longest cycle.

The over-

lapping "saf'e days' constitute her 1 sa.f'e period'." (50)
Knaus has arrived at conclusions not unlike those of
Ogino, "stating that fertilization always occurs in the
period between the eleventh and seventeenth days of the
cycles, if the latter is of the usual four-weekly type." (57)
Others deny the infallibility of the Ogino-Knaus doctrine.

Grosser, for example, urges that the careful study

of the age of twenty-tour early embryos indicates that in

t~n

of these conception occurred between the second and tenth

deys or the cycle, in ten at from the eighteenth to the
twenty-fourth, and in only four in the period emphasized by
Knaus as the conception phase, i. e., the eleventh to seventeenth days.

Grosser is a strong believer in the view that

coitus in itself' may be an important determiner of ovulation,
as it is in the case of such animals as the rabbit. There
is no proof of this occurrence in the human being, but its
possibility cannot be denied, even i t one accepts the usual
doctrine that spontaneous ovulation is the rule and that
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it occurs at fairly stated periods.

(25)

•What may the present status or the question be considered
to be? In spite of the possible, though not proved, occurrence
of coital ovulation, there would seem to be no doubt on mere
a priori grounds that the optimal conception period is in the

span that embraces most ovulations, i. e., from the eighth or
tenth to the eighteenth

or

twentieth day of the cycle, with

the maximum at about the twelf'th to the fourteenth day.

The

foregoing statement would apply to the most common cycle, varying from twenty-six to thirty days in length, while for
irregular cycles some such adjustment or calculations as that
suggested by Ogino is probably a serviceable one.
"This, however, is quite different from saying that conception is absolutely impossible at other times, as has been
claimed. Too little is known as yet about several or the
possible factors in fertilization to justif'1 such a

cl~im.

As already stated, the possibility or coital ovulation must
be borne in mind, even though its occurrence in the human
being has not been demonstrated.

The survival time or the

ovum is generally accepted as short, but the evidence for
the period or survival of the sperm.8.tozson is not yet quite
as clear as might be hoped, though it is probably not as long
as former]¥ thought.

Again there is still considerable

un-

certainty, in women with irregular cycles, as to the part
played in this irregularity b,y the preovulatory and the postovulatory phases of :bDe cycle.•

(So)'

"To sum up, in women with cycles approxima.ttiig the four-
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weekly type, there is every reason to believe that the immediately

postmenstrual period (up to the eighth day of the cycle) and
even more the immediately premenstrual period (after the twentieth day) are almost entirely, though perhaps not absolutely,
•sate periods' for those anxious to avoid conception.

In

women with irregular cycles the problem is more difficult and
less certain, though probably a great measure of protection
may be given b;y f'ollowing the suggestions of Oglno, as des-

cribed.
"For those who, because of religious or other reasons,
are not willing to resorttD other forms of contraception, the
Ogino-Knaus method is a great boon and is certainly the one
that should be recommended b;y the physician.

To avoid em-

barrassment, however, especia.l.17 in women with irregular
cycles, it would seem wise to emphasize the tact that not a
suf'ficient time has elapsed as yet to demonstrate clearly
how great or how slight a degree of fallibility pertains to
this method, and how this fallibility compares to the recognized fallibility of practicall1' all other methods or contraception.
"From what has been said, it is obvious that in the
opposite ca•e ot women very desirous or having children the
optimal time tor coitus is that extending from the tanth
to the eighteenth day of the cycle, and especia11y from the
twel.f'th to the fourteenth day.• This advice the writer
has tor many years considered an important part of the
management of cases of sterility.
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nA problem antithetical to the one just discussed is that

or

sterility. · Many possible factors must be considered in

both the partners, and in most instances a careful study will
reveal one or more logical causes for the sterility.

In

lDt1ny

instances a rational ..plan or treatment will thus be indicated,
with some measure or optimism as to results. In other cases,
unfortunately, such studies reveal causative factors that must
be considered hopeless.
n'lhera is, however, a not inconsiderable group of cases
in which the most thorough studies of both partners-general

physical examination, examination of the pelvic organs, basal
metabolism studies, tubal insutflation tests, hormone tests
of various sorts--all reveal no demonstrable abnormality, and
yet pregnancy does not occur. It is in this small group ot
otherwise unexplainabi• cases that the sterility may at times
be due to the fact that the woman, who perhaps is menstruating
normally and regularly, and who is presumably normal in eve:cy
other way, is not giving oft

ova•·"

The most direct and logical method

or determing

whether

'

or not a sterile woman is ovulating.nis through study of the
end.ometrium just before an expected menstrual flow, assuming
that the periods recur reguiarly.

If ovulation has occurred,

the endometrium will show the characteristic secreto:cy changes
evoked by the oorpus lutewn hormone (progestin).

If, on the

other hand, there is a complete absence or secretory changes,
it Il181" be assumed that there is no corpus luteum; 1. e., that
ovulation has not occurred.
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•The tissue for examination can often, though not always,
be obtained without anesthesia, by using a very small curet.

It is not necessa:r;y to perform a complete curettage.

Even it

dilation of the canal under light anesthesia is necessary in
order to secure the tissue, the value of the information gained
makes this well worth while.•

(50)

It must be clearly understood that the use of the sterileperiod as a contraceptive measure must be used only by women
with normal, regular menstrual cycles and should be used under
the direction or a competent physician.

75% or women menstru-

ate regularly and the most regular type is of a 28 day type
which constitutes 72% of the regular women.

(66) Thus it

may be seen that this theory will apply to a very large
majority of women.

r
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SUIBl.ARY

1. The ova arise from the multiplication
germ cells in the ovary.

or primordial

At about 18 years the total number

or ova ill the two ovaries is from 25,000 to 70,000 of which
approximately only 400 mature during a normal period ot
fertility.

Several years after the menapause no more ova

are to be f'ound.
2. At regular periods, of' about twenty-eight days, in
the human f'emale, a mature ovule is discharged tram one or
the other ovary alternately and is transmitted to the uterus.
3. Coincident with ovulation certain changes take place
in the mucous membr~e of the body of the uterus.

If fertili-

zation takes place nidation ensues, i t not, menstruation
follows in fourteen to fifteen days in the normal woman.
4. Menstruation

may

occur without ovulation and ovula-

tion may occur without menstruation.
5. OVUlation precedes menstruation and has nothing to
do with the preceding menstruation.
6. Fertilization follows ovulation.
7. Fertilization precedes the expected menstruation.
8. Corpus luteum dying causes the uterus to expell
its proliferated epithelium (menstruation) or if it continues
to live gestation is supposed to be in progress.
9. Some authors believe that there are extraordinary or
forced ovulations others state this is not probable.

r1
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10. The cause or rupture or the Graafian follicle is
still debatable but the main theories are:
intratollicular pressure.

(b) Increased intrafollicular

pressure and increased hyperemia.
tic enzymes.
the ovary.

(a) Increased

(c) The action of' proteoly-

(d) Action of smooth muscle about and within

(e) A type or pressure necrosis in which the

pressure on the ovarian stroma finally leads to ovulation.
An increase in blood pressure also is attributed as a factor.

11. Intermenstrual pain, •Mittelschmerz", or •mid-pain"
is a symptom or ovulation.

This symptom lasts from a few

hours, to a few days in more severe cases.
12. The interrelationship or the endocrine glands plays
a part in ovulation and menstruation and so has a part in
the 9 fertile and sterile periods•.
(a) Ovulation causes corpus luteum formation.
(b) Corpus luteum (progestion) inhibits uterine contrae-

tions and prolongs pregnancy.
(c) Posterior lobe hormone (~tocin) induces uterine
contraction.
(d) HypertbTroidism may depress sex function.

Positive

Aschheim-Zondek tests have been f'ound in non-pregnant women
suf'tering f'rom toxic adenoma.
13. The ovum is supposed by most authorities to live
only about 12 to 24 hours.
14. The spermatozoan has a f'ertilizing power for only
about 48 hours.

Some authors give 24 to 72 hours.
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15. The time or ovulation according to the various
authorities, counting from the first day of menstruation in
a normal regular 28 day cycle.
(a) Anel & Villemin
(b) Drennan
(c) Myer
(d) Grosser
(e) Newell, Allen, etc.
(r) Ruge
(g) Schroeder
(h) Seitz & Wintz
(i) Hansen
(j) Zangemeister
(k) Knaus

(1) Anderson, C. W.
(m)
(n)
(o)
(p)

Haeney
Eberhart
Novak

Ogino

16th day
7th-9th day
9th day
8th day
15th-15th day
8th-14th day
14th-16th day
14th day
14th day
14th-16th day
14th-16th day
12th-19th day (Ave. 15.S)
14th d81'
14th-16th day
13th-14th day
12th-16th day (before next
menses)

16. Period of Sterility and Fertility according to the
authors in a normal, regular, 28-day cycle.
(a) Knaus

-

FertilePeriod 11th-18th day after menstruation.
Sterile Period 1st - 10th day and 18th 2etll-day.

(b) Ogino - Fertile Period 12th-19th days before next
menstruation.
Sterile Perlod 1st-11th and 20th-28th day
before next menstruation.
(c) Novak -

Fertile Period 8th-20th day af'ter menstruation.
Steril Period 1st-8th - 21st-28th day af'ter
menstruation.
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